Abstract. In the present research, phytoremediation mechanism of sediment contaminated with pentachlorophenol (PCP) was investigated. Seven species of common aquatic macrophytes were used for remediating PCP contaminated sediment and those plants could significantly accelerate the degradation of PCP in sediments. Among all, Canna indica L. attained 98% of PCP removal, and can be used as efficient alternative plant for remediation. Accumulation of PCP in plant biomass of canna indica L. only made a small contribution to the total removal of PCP. Through the analysis of PCP removal pathways, microbial degradation promoted by aquatic macrophyte was the main mechanism involved in the PCP contaminated sediment phytoremediation.
Introduction
Pentachlorophenol (PCP) has been widely used for killing snails, the only intermediate host of schistosome in water environment where schistosomiasis is epidemic in recent decades in china [1] [2] . However, wide use of PCP on large areas has caused excessive PCP contamination in the sediment of water environment. PCP is a kind of persistent organic pollutants(POPs) and excessive levels of PCP will cause potential threat to the aquatic ecosystem and people's health [3] [4] . Thus, control and removal is necessary to reduce the risk sediment contamination [5] .
The emerging technology of phytoremediation, which has broadly applied prospects, is a promising remediation method for PCP treatment thanks to its ecological and economic sustainability [5] [6] . In the present research, Seven species of common aquatic macrophytes were selected to screening efficient plants for phytoremediation of PCP contaminated sediment, and furthur research was conducted to investigate the mechanism involved in the phytoremediation by aquatic macrophyte with the best removal effect of PCP. The research results are believed to promote the development of ecological remediation of PCP contaminated environment in the polluted areas.
Materials and Methods
Materials. PCP (C6Cl5OH) used in the experiment was of 98% chemical purity(AR) and standard solution of PCP was of HPLC grade. Samples of sediments without detectable PCP were collected from the 0-20 cm surface sediments at a local lake in Wuhan, Hubei province, China. And the basic physical and chemical properties of sediments were: pH,7.86; total nitrogen, 0.41mg/g; total phosphorus, 0.13mg/g; organic matter,3.38%. Seven species of aquatic macrophytes, including Canna indica L., Acorus calamus L., Alisma plantago-aquatica L., Polygonum hydropiper L., Thalia dealbata Fraser, Iris tectorum Maxim., Cyperus alternifolius L., used in the experiment were collected from Wuhan xiushui ecological engineering co., LTD in Wuhan, Hubei province, China.
Phytoremediation Treatments Setup. For the experiment, preparation of PCP contaminated was followed as the previous research [5] .10 kg of PCP contaminated dry sediments(2 mg/kg dw) were loosely packed into planting pots (0.3m×0.4m×0.3m). 6-10 individuals of seven species of macrophytes wih initial plant height of about 15 cm were transplanted to experiment pots at initial stage with the aim of obtaining an approximately equivalent amount of plant biomass per pot. Tap water was then added and kept at 4 cm above the sediments surface. The experiment ran for 120 days. PCP Extraction and Cleanup.Three replicate dried sediment samples of 5g (dw) each were extracted with 30 mL of methanol for 30 min by ultrasonic extraction. This extraction was performed triple. The combined 90 mL of extract was deeply filtrated by glass microfiber Filters (GF/C, whatman) and then concentrated to about 3 mL by rotary evaporation at 40°C. After centrifugation (3000 rpm, 5min), the organic phase and transferred. The extract was concentrated under a gentle stream of nitrogen and the final extract volume was 1.0 mL. After filtration through 0.22-μm filter units (hydrophobic), the treated sediment extracts were determinated for PCP using HPLC.
The dried samples of root tissue, shoot tissue collected in every month were separately combined at the end of experiment to determin the PCP concentrations in the plant tissue. PCP was extracted from each plant part (5 g) by ultrasonic extraction for 30 min with 30 mL of n-hexane / dichloromethane (1:1, v: v) and the same extraction was performed triple. The combined extract was deeply filtrated by glass microfiber filters (GF/C, whatman) and concentrated to about 3 mL and treated with 3 mL of concentrated H2SO4. All the concentrated extracts were cleaned and fractionated on a 1 cm i.d. silica/ anhydrous sodium sulfate alumina column packed, from the bottom to top, with silica gel (15 cm), anhydrous sodium sulfate (15cm).The mixture was eluted with 90 ml of n-hexane: dichloromethane (1:1, v:v). The extract was concentrated and solvent-exchanged to methanol under a gentle stream of nitrogen and the final extract volume of macrophyte was 1.0 mL. After filtration through 0.22-μm filter units (hydrophobic), the treated plant extracts were determinated for PCP using HPLC.
PCP analysis.Quantitative analysis of PCP was performed by an HPLC (Waters Alliance e2695-2489,USA) equipped with UV spectrophotometric detector. A C18 column (4.6 mm × 150 mm I.D.; 5-μm particle size) from Waters was used. The Chromatographic condition for PCP determination was: the flow rate was 1.0 mL/ min and the mobile phase was water : methanol (20:80), The detection wavelength was 305nm, and the column temperature was 35°C.
Results and Discussions
Removal Rates of PCP. After 120 days, approximately 33% of PCP was disappeared in the control sediment, whereas seven species of aquatic macrophytes significantly facilitated removal rates(60%-98%) of PCP in the treatment sediments (Fig.1, p<0.01) . Among all , Canna indica L., Acorus calamus L. and Iris tectorum Maxim. exhibited the fastest PCP Removalremoval rates, which attained 98%, 92% and 88% of PCP removal in sediments, respectively. Thus, Those three species of aquatic macrophytes can be used as efficient alternative plants for remediation of PCP contaminated sediment, especially for Canna indica L.. Fig.1 Changes of PCP concentrations in the control sediment and treatment sediment. PCP Accumulation by Macrophytes.The contribution of plant uptake and accumulation to the removalremoval of organic pollutants was negligible contrary to the heavy metal remediated by plants [7] [8] . In the phytoremediation process, PCP accumulation in seven aquatic macrophyte samples was further determined after 120 days and was shown in Figure 2 . PCP was detected only in root tissues (approximately 100-500μg/kg dw) and no PCP was detected in all shoot tissues for seven species of aquatic macrophytes, which indicated that PCP was hard to translocated up to the shoot tissue, which was accordant with the previous research [9] . Previous research demonstrated that organics that is most likely to be taken up by plants are moderately hydrophobic compounds with Log Kow ranging from 0.5 to 3 [9] . Since the Log Kow of PCP was 5.01, which might made it difficult to transport from root tissue to upper part tissue [5] . Removal of PCP in the control sediment can be ascribed mainly to photolysis, microbial degradation and other abiotic losses. After 120 days, 33.2% of PCP was removed from the control sediment, control of light-deprived accounted for 28.75% of PCP removal, this means photolysis contributed to about 4.45% of the total losses. Nevertheless, the removal of PCP in the control of microbe-inhibited was only 8.68%. That is PCP losses by photolysis and abotic losses was 4.23%. Thus, The above results indicated that indigenous microbial was predominant factor (74%) that contribute to PCP loss in the sediment control, and losses by photolysis (14%) and abotic losses(12%) were a miner possible pathway of PCP removal.
Removal of PCP in treatment sediment can include above contributors and plant uptake (Fig.3) . PCP removal by abiotic losses in treatment sediments was approximately equal to those in corresponding control sediments as found by others [10] . 98% of PCP was dissipated after planting. PCP accumulation by Canna indica L. contributed to approximately 0.7% of PCP removal base on the biomass of roots(approximately 0.41kg, dw). Microbial degradation was calculated as: removal rate(%)=TL(%)-GC(%)-PU(%), where TL is total loss in treatment sediment; CG was the contributors(photolysis+abotic losses) in control sediment; PU was the contribution by plant uptake.
Obviously, approximately 90.4% of PCP was dissipated by macrophyte-promoted microbial degradation. Those results further conforming that microbial metabolism and biostimulation of microbial communities by planting are the main mechanism for the removal of PCP in treatment sediment. 
Summary
The present study demonstrated that the microbial metabolism by planting with aquatic macrophytes was the main mechanism for the phytoremediation of PCP contaminated sediment. The presence of seven common species of aquatic macrophytes significantly increased the PCP removal, especially for Canna indica L., which attained 98% of PCP removal. PCP was detected only in root tissues and the accumulation of PCP in plant biomass only made a small contribution to the total removal of PCP, and approximately 90.4% of PCP was dissipated by macrophyte-promoted microbial degradation.
